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PREFACE

This Workshop was organized following a recommendation agreed at the Specialists’ Meeting on Aircraft Corrosion
held in Cesme, Turkey in April 1981 and described in AGARD Conference Proceedings CP-315. [t was arranged as part
of the continuing effort of maintaining the communication link between the designers, manufacturers and ucers of both
military and civil aircraft. g _ .

r I oy r' v

Some 50 people attended the Workshop. Relatively short presentations were made by specialists in the areas of
procurement and design specifications, manufacturing and maintenance practices, costs and future effortsJ' each series
of papers was followed by a discussion period.

There were differing opinions on the continued use of magnesium alloy castings by the UK, However, the relatively
complex protection procedures for successfully combating corrosion and damage were described by the British in some
detail.

On the question of the prohibition of chromates and cadmium.the general consensus ©f opiniofpwas that no overall
satisfactory alternatives have been forthcoming. Whilst research was continuing, no member indicated a move away from
these established protectives in the foreseeable future.

Several speakers referred to the difficulty of getting good feedback on corrosion problems. Efforts to combat this
difficulty appear to have been achieved with some success in the US Navy by the introduction of a system whereby
trained maintenance personnel at three levels are required to report back to a data collection system. The cost of corrosic »
prevention and maintenance proved a difficult subject for discussion. No clear answer was available as to the extent
procurement personnel would be prepared to pay for extra protection, ?

Summing up, the Workshop highlighted both the similarities and the differences in both corrosion control and
design practice utilized in the NATO countries. Despite a veiv good interchange of information, the Workshop revealed
the need for detailed and uniform specification requirements for corrosion control. Although many of the domestic
specifications used by individual countries are referred to in general terms by the authors in their papers, it is proposed
to publish this data in more detailed form. together with associated costs, in Volume Il of the Corrosion Handbook.

R.SCHMIDT
Chairman,
Sub-Committee on Corrosion

T
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CORROSION CONTROL REQUIREMENTS FOR UK MILITARY AIRCRAFT
by

V. C. R. McLoughlin,
Materials and Structures Department,
Royal Aircraft Establishment,
Faraborough, Hants, GUl4 6TD
England

SUMMARY

Within AvP 970, Designu Requirements for Service Aircraft, the designer is
given advice on the selection of materials based upon their resistance to
corrosion, and mandatory requirements for processes and materials to be
used in aircraft structures so as to minimise deterjoration and corrosion.
Details are given of these requirements and the various sequences of opera-
tions required for corrosion control purposes. «( ‘

AD-P003 627

To achieve a satisfactory level of corrosion resistance in aircraft structures the designer must
consider, not in isolation but in relation to each other, the detailed design of the structure, the
selection of structural materials, and methods of protection. Mandatory requirements to ensure accept-
able performance of military aircraft appear in various Chapters of Aviation Publication 970, Desigu
Requirements for Service Aircraft. The relevant Chapters are:

Chapter 400 - General Detail Design (paragraph 4 requires approved specifications for all materials
and processes used, and paragraph 9 requires MOD approval before magnesium alloy components are
used).

Chapter 409 - Exfoliation Corrosion of Aluminium Alloys (requires MOD approval before certain
susceptible alloys are used).

Chapter 410 - Stress Corrosion Cracking (requires MOD approval before certain susceptible alloys
are used).

Chapter 801 - Precautions Against Corrosion and Deterioration (contains most of the mandatory
requirements for corrosion control).

These Chapters, together with associated advisory leaflets, have all been written or revised in the
past 3 years after detailed discussions with the UK aircraft industry, with the Roval Air Force and
experts within the Ministry of Defence.

BASIC DESIGN CONSIDERATIONS
In Chapter 801 there are mandatory requirements which cover the following design aspects:-

The structure must be effectively sealed to prevent water and other liquids gaining access to the
internal aircraft structure. An integral part of this requirement is that all static joints must
be wet assembled.

The structure must be drained and vented, both in flight and on the ground so that any liquids
generated within the aircraft are not trapped within the structure.

Any pockets in the structure must be filled with inert, low density materials so that water traps
are eliminated.

Access for inspection must be provided so that all parts of the structure can be inspected for
corrosion or loss of protective coatings, and can be accessible for reprotection.

Sharp corners and edges, places where paint is too easily lost, must be eliminated.
SELECTION OF MATERIALS

Alrframe materials are chosen primarily tc achileve a light, strong structure. Unfortunately, high
strength alloys are often the ones that given rise to major corrosion problems. For example, severe
exfoliation corrosion can occur within a few years on maritime aircraft. Chapter 409 provides the
designer with information on the susceptibility to exfoliation of all of the aluminium alloys currently
used in the UK aircraft industry. Alloys are classified from A to D:- A materials are very resistant to
exfoliation, D materials are very susceptible and these alloys cannot be used without the agreement of
the Aircraft Project Director. The philosophy 1is not to ban the use of susceptible alloys but to give
the designer information which helps him to select more resistant alloys. Having considered possible
alternatives the designer may still have overriding reasons for using a D classified alloy. He will then
have to persuade the customer that there is an advantage in doing so. This same approach is taken with
magnesium alloys and materials susceptible to stress corrosion - the designer must make a good case for
using materials which are potential corrosion hazards.

Bimetallic or galvanic corrosion can be a problem in aircraft struc.ures. For example, an alumi-
nium alloy will have a more negative corrosion potential than a steel fastener, and an electrolyte,
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bridging the two materials, allows a galvanic cell to form - the light alloy forming the anode, the
fastener tlie cathode. The rate of corrosion of the light alloy is increased, but the fastener is
cathodically protected - just as steel is cathodically protected by cadmium plating or by galvanising.

APPROXIMATE CORROSION POTENTIALS IN CHLORIDE SOLUTIONS

Corrosion potertial
(uV e SCE) Element Material or Alloy
+500
Gold, Carbon Carbon Fibre Composite
ZERO Silver Titanium Alloys
Corrosion Resisting Steels (18/8)
Copper Brass (70/30)
Chromiunm
=500
Low Alloy Steels
Aluminium, Cadmium Aluminium Alloys
-1000 Aluminium-1% Zinc
Zine
-1500
Magnesium Magnesium Alloys

Corrosion potentials indicate which of two metals will form the anode and therefore suffer galvanic
corrosion. Thus, aluminium alloys will suffer galvanic corrosion in contact with steels, brass, corro-
slon resisting steels, titanium alloys, and carbon fibre composite. Conversely, aluminium alloys can be
cathodically protected by cladding with aluminium or aluminium-17% zinc. But corrosion potentials only
tell half the story and it {s far better to give the designer information based on experience of
bimetallic corrosion, and such information is available in the British Standards Institute publication
PD 6864, commentary on Corrosion at Bimetallic Contacts and Its Alleviation.

BIMETALLIC CONTACTS —~ CORROSION HAZARDS IN A MARINE ATMOSPHERE

0 1 2 3
Al-Cd Cd-Al Zn-Steel Al=Cu
Al-Zn Zn-Al Al-Ti Al-Brass
Steel-Cd Cd-Steel Al-CRES Al-Steel
Steel-Zn

Bimetallic couples are classified from zero to 3; for those classified zero there {s no additional corro-
sion of the first metal due to contact with the second metal; for those classified 3, the first metal can
suffer severe galvanic corrosion in contact with the second metal and the designer must avoid such con-
tacts. It is interesting to note that low alloy steels cause more severe galvanic corrosion of aluminium
alloys than titanium or corrosion resisting steels do, even though the corrosion potentials would
indicate otherwise. The information in PD 6864 also shows the designer how to convert dangerous couples
(such as aluminium/steel >r aluminium/copper) in*to relatively safe ones by cadmium or zinc plating the
cathodic metal. However, the designer is warned that coatings of cadmium and zinc have a finite life and
require further protection.

PROTECTION SCHEMES

Because corrosion 18 an electrochemical process it can be prevented by making sure that electro-
lytes do not come into contact with metal surfaces, and insulation of the airframe metals from the
environment by painting is, therefore, tne most important aspect of corrosion prevention. By incor-
porating corrosion inhibitors in the form of chromate pigments in the paint primer, corrosion can be
controlled even at defects in the paint scheme. However, for paint schemes to fulfil their role they
must not be readily detached from the metal surfaces; satisfactory paint adhesion can be ensured by
control of metal pre-treatment and painting operations. For aluminium alloys the sequence is:

Initial cleaning by degreasing, abrading, chemical cleaning or a combination of such processes
(which are specified in DEF STAN 03-2).

Pre-treating by anodising to the requirements of UEF 151 (usually Type 2 ~ chrmic acid process),
by chromate filming (to DEF STAN 03-18), or by etch priming (to DEF STAN 80-15 or approved
alternatives).




Painting to the requirements of DEF STAN 03-7 with a chromate-pigmented epoxy primer (to DID 5567)
within 16 hours of pre-treatment. Finish coats will be epoxy (to DTD 5567) or, more usually,
polyurethane (to DTD 5580) when high resistance to synthetic hydraulic fluids and lubricants is
needed; for external surfaces of most military aircraft acrylic finishes (to DTD 5599) are
currently specified.

For steel conponents approved pre-treatments are: _
Cadmium, electroplated (to DEF STAN 03-19) or vapour deposited (to DTD 940).

Aluminium or aluminium-rich coatings (to BS 2569).

Zinc plating (to DEF STAN 03-20).

Phosphating (to DEF STAN 03-11). o

Cadmium is the preferred pre-treatment, but the designer may specify one of the alternative treat-
ments above when cadmium is not technically acceptable or feasible. After pre-treatment steel parts are
painted using the same schemes applied to aluminium alloys, or using a stoving paint scheme (eg BS X 31).

Magnesium alloys depend on complete encapsulation with organic coatings to prevent corrosion. It
is not possible to inhibit the corrosion of magnesium alloys at defects in the coating, nor is it
possible to cathodically protect magnesium alloys which eare anodic to all other structural materials and
to the common plating metals, zinc and cadmium. The sequence of operations required in DTD 911, the UK )
Ministry of Defence specification for protection of magnesium alloys, includes:-

Fluoride anodising to remove impurities from sand castings.
Chromate filming or anodizing.
The impregnation of the chromate or anodic fi'm with a stoving epoxy resin.

Painting, or application of nylon or other plastic coatings, to give a minimum of 100 m of organic
coating.

Many corrosion problems have been encountered with magnesium alloys in both fixed wing aircraft and
helicopters, and the designer is required to obtain approval from the Ministry of Defence before using
magnesium alloy components. He is strongly advised not to use magnesium alloy in sheet form because of
severe problems in the past. However, it is accepted that magnesium alloys have an important role to
play in aerospace structures and in some applications their unique properties are invaluable. )

Except for fasteners and fastener holes in aluminium alloys, Chapter 801 requires that metal sur-
faces are painted (at least with primer or, in the case of magnesium alloys, sealed with resin) at the
detail stage before being assembled or built into the alrcraft structure. During assembly a sealant or a
jointing compound must be used on mating surfaces so ttat potential crevices are filled. The importance
of wet assembly to prevent moisture getting into joints cannot be stressed too much. The vast majority of
corrosion problems arise at interfaces between components, at fastener holes, or at the edges of panels.
In many cases the corrosion occurs because wet assembly has been omitted or carried out poorly. Wet !
assembly can often be supplemented by caulking seams and any joints which leave ledges and traps where
moisture and other contaminants can lodge. After assembly and before final painting, damage to the paint
scheme must be repaired. Also, exposed parts of fasteners and exposed sealant or caulk must be primed.
Areas which were only primed before assembly must be re-primed before finish coats (or any Intermediate
coats) are applied.

It is possible to obtain excellent protection when operating in the relatively controlled environ-
ment of aircraft manufacture and especially when protection schemes are applied to individual components.
It is not always possible to restore protection to the same standard to aircraft in service when, for one
reason or another, 1t 1is necessary to carry out 're-surface finishing' operations. In the UK the air-
craft paint industry has developed improved epoxy primers, the wajor improvement being their excellent
adhesion to metallic surfaces which have only been degreased. While the intention is to maintain the
current requirements for surface pre-treatment, 're-surface finishing' should yield more durable and
reliable protection.

Selective stripping of finish coats to leave the primer coat intact is one of the attractions of
acrylic finishes currently used on the majority of UK service aircraft. However, the finish tends to
craze and has only moderate resistance to some aircraft fluids. With recent paint developments it is
technically possible to use paint schemes with polyurethane finishes which can be selectively stripped to
leave the primer, or primer plus barrier coat, intact. These schemes appear to be almost as resistant to
fluids as conventional polyurethane paint schemes. Other developments in polyurethane paint schemes are
finishes with much increased flexibility. As well as greater resistance to chipping and cracking these
paints have good erosion resistance. Service trials of these polyurethane paint schemes are underway.

If successful, the paints will be added to the list of materials and processes (see Appendix) currently
approved for use on military aircraft.

Finally, for internal areas of aircraft structures which require re-protection but cannot be
repainted successfully (for example, when contamination with lubricants or hydraulic fluids cannot be
removed completely) 1increasing use is being made of thin film, corrosion preventive compounds
(DEF STAN 80-83). These materials are also used to supplement the paint schemes in areas wher-
experience has shown that additional protection may be necessary. They are applied to give film
thicknesses similar to those of paint schemes, dry to give a soft but non-tacky surface, and the coating
is transparent. The same corrosion preventive compounds can be usad for protection of parts in store and
for semi-finished components during the complex process of aircraft manufacture.



APPENDIX
LIST OF PROTECTIVE MATERIALS AND PROCESSES APPROVED FOR USE ON UK MILITARY AIRCRAFT

Note: Specification DTD 900 includes appendices listing proprietary materials and processes approved
under its terms for aerospace usw.

Title Specification
number
PROCESSES
Sprayed metal coatings BS 2569
Cleaning and preparation of metal surfaces DEF STAN 03-2
Protection of aluminium alloys by sprayed metal coatings DEF STAN 03-3
The pretreatment and protection of steel parts of specified
maximum tensile strength exceeding 1450 N/mm DEF STAN 03-4
Electroless nickel coating of metals DEF STAN 03-5
Painting of metal and wood DEF STAN 03-7
Electrodeposition of tin DEF STAN 03-8
Phosphate treatment of iron and steel DEF STAN 03-11
Chromate conversion coatings for aluminium and aluminium
alloys DEF STAN 03-18
Electrodeposition of cadmium DEF STAN 03-19
(previously DID 904)
Electrodeposition of zinc DEF STAN 03-20
(previously DTD 903)
Chromate passivation of cadmium and zinc surfaces DEF-130
Anodizing of aluminium and aluminium alloys DEF-151
Chromium plating for engineering purposes DEF-160
Nickel plating (heavy) DTD 905
Protection of magnesium rich all,ys agairst corrosion DTD 91l

Identification colouring of rivets in zluminium and

aluminium alloys DTD 913
. rocess for the external finishing o' radomes DTD 926
Surface sealing of magnesium rich alloys DTD 935
The cadmium coating of very strong steel parts by vacuum

evaporation DTD 940
Surface coating of parts by use of detonation, flame and

plasma spraying processes DTD 941
Anodizing of titanium and titanium alloys DTD 942
Electrodeposited cobalt/chromium carbide composite coatings DTD 943

STANDARD PAINT SCHEMES

Interior and exterior protective finishing scheme (cold
cured epoxy type) DTD 5567

Exterior and interior finishing schemes — matt and glossy
(cold curing polyurethane type) (Scheme I and Scheme 11) DTD 5580

Selectively strippable acrylic finishing scheme for use on
aircraft DTD 5599




Title Specification
number
OTHER PAINTS AND COATINGS
i Varnish for aeronautical purposes BS 3X 17
Doping and finishing schemes for fabric covered aircraft BX X 26
Low temperature stoving scheme for aeronautical purposes BS X 31
Stoving enamel DTD 56
l Paint, pretreatment primer (etching primer) DEF STAN 80-15
Corrosion preventative compound: aircraft structures.
Joint Services designation PX 32 DEF STAN 80-83

| ]

) Copyright ©, Controller HMSO, London 1983
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CURRENT PROCUREMENT SPECIFICATION DESIGN
REQUIREMENTS FOR 1.S. NAVY AIRCRAFT

Sara J. Ketcham
Naval Air Development Center
Warminster, Penncylvania 18974
USA

AD-P003 628

SUMMARY

An important step in the acquisition of a new naval aircraft is the review of detail
specifications by materials and process specialists, The specifications are studied for
compliance with SD-24, MIL-F-7179 and MIL-S-5002. In addition, reports on Adhesives,
Lubricants, Finishes and Corrosion Control Plans are furnished as a contractural require-
ment. Some of the .most important considerations are the materials to be used, designs
incorporating dissimilar metals,and watertightness. Test programs may be necessary to
validate a particular choice of material or design. |In the final analysis, however,
cost and performance are the overriding considerations so some compromises usually
have to be made. The challenge is to obtain as corrosion-free a vehicle as possible
within these constraints. -

“"

INTRODUCTION

It Is only in the last ten years that materials engineers have been invited to take
an active part in the weapons acquisition process. Documents such as SD-24, General
Specification for Design and Construction of Aircraft Weapons Systems (Fixed and Rotary
Wing Aircraft) was invoked as a contractural requirement, but the sections concerning
materjials selection were very general. Twc other specificections were also usually
called out, MIL-F-7178, General Specification for Finishes and Coatings for Protection
of Aerospace Weapons Systems and MIL-5-5002, Surface Treatments and Inorganic Coatings
for Metal Surfaces and of Weapons Systems. Adherence to these specifications was
frequently perfunctory at best.

As higher performance aircraft evolved and the higher strength alloys used were by
nature more susceptible to corrosion attack, an awareness began to develop that materials
selection should receive more than passing attention. The situation has improved to the
extent that materials reviews are included as part of all new Navy aircraft system
acquisitions,

UPGRADING REQUIREMENTS

The documents mentioned previously have all been revised or are in the process of
being revised to reflect state of the art developments in corrosion control. n SD-24
for example, the aluminum alloys approved for use are all of the exfoliation and/or
stress corrosion resistant tempers, Use of magnesiurn alloys is severely restricted.

A requirement for a corrosion control plan is impoased,.

MIL-F=7179 and MIL-5-5002 are being revised to reflect the experience gained on
operational aircraft over the last decade and the improved coating systems now available
for use. Sealants are specified wherever dissimilar metals must be used and wherever
moisture would have ingress. Coating systems are being standardized and those with
marginal performance eliminated.

MIL-F-7179 originally specified different levels of protection depending on the
severity of the environnent to be encountered. These distinctions have been eliminated
since they were arbitrary and with industrial pollution and acid rain no longer relate
to any actual service environment,

The status of the rev: ions mentioned above is as follows:

SD24L - Vol. |, Fixed Wing Aircraft - issued June 82
SD24L - Vol. Il, Rotary Wing Aircraft - final review underway
MIL-F-7179 - undergoing industry and tri-service coordination
MIL-5-5002 - revision ready for industry and tri-service coordination
A new document is being developed to help combat the water intrusion problems being

encountered with newer aircraft. This document is MIL-W-006729B(AS) entitled General
Specification for Testing Watertightness of Aircraft (to be used in lieu of MIL-W-6729A).

FUTURE OUTLOOK

Although improved materials and procedures are being incorporated into contractural
documents, manufacturers frequently claim their use will add to the cost of the aircraft,
add weight, or change the aerodynamics in an unfavorable manner, In most cases
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performance and cost override all other considerations and waivers may be granted.
The challienge to the materials engineer is to obtain as corrosion free a vehicle as
possible within these constraints.

L TR
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CONTROL ON HELICOPTERS

M. Levy and R. D. French
U.S. Army Materials and Mechanics Research Center
Watertown, Massachusetts, U.S.A., 02172

S R P ,
“¥ Aeronautical Design Standard ADS-13C embodies the general requirements for the materials
and processes,ut&iizeaﬁin the design and construction of Army aircraft. The materials
and processes are/utilized»in accordance with AMCP706-203, the Engineering Design Hand-
book Helicopter Engineerifig, part three, Qualification Assurance. ~“The>properties of
materials are generally obtained from MIL-HDBK-5, MIL-HDBK-17 and MIL-HDBK-23, for
metallic materials, plastics, and structural sandwich composites respectively. All of
the system parts are finished to provide protecticn from corrosion and other forms of
material deterioration in accordance with a contractor-prepared and Government-approved
material deterioration prevention and control (MADPAC) plan which is detailed in the
appendix to ADS-13. This appendix describes the managerial and technical responsibilities
of Army contractors in the design, validation, development and production phases of Army
aviation systems. It provides a mechanism for the implementation of sound materials
selection practices and finish treatments during the life cycle of all Army aviation weapon
systems and defines the organization and implementation of a MADPAC finish specification
which complies with MIL-F-7179. ADS-13C represents the most recent revision of the stand-
ard which embodies some of the corrosion lessons learned from Army helicopters where weight
reduction was the overriding concern in the design and construction of the aircraft.

Introduction

U.S. Army equipment has suffered enough out-of-service costs due to corrosion that
today three principles on heading off corrosion can be said to be generally accepted.
First, corrosion control must be built into original equipment design. Second, an aware-
ness of the need for corrosion prevention must be maintained throughout manufacturing.
Third, lessons learned on corrosion during design, development, production and fielding
of equipment must be fed back to the start of any new designs. However, when a number of
organizations not all under the same management are involved in the design-to-fielding
process, creating the needed information flow is a problem by itself. It is the intent
of this paper to describe the control mechanism now being used in support of future Army
aircraft development. Within the controlling documents one can find det .i1s of current
design requirements for corrosion control on helicopters.

Approach

Steps taken in establishing the needed control mechanism were to first recognize
principle organizations or organizational sub-units in the information process and then
to tie them together with appropriate regulations and contracts which assigned responsi-
bilities. A schematic of the information flow loop for any type of Army equipment is
shown in Figure 1. In this loop the command element responsible for development of all
systems of a particular type is both an information collection and dissemination agency
generally working closely with project managers and contractors on specific systems and
with repair elements to get field experience. Project managers prepare contracts for
new system development and assign responsibilities to the contractor.

Since there is no single approach, so far, to dealing with corrosion control on a
wide variety of equipment, regulations allow a development command and subsequently a
project manager to tighten controls, as necessary. To avoid misunderstandings, regulations
also provide a statement of purpose. Developing commands and managers, in turn, provide
contractors with specific guidelines.

Results

In September 1982, the U.S. Army Aviation Research and Development Command (AVRADCOM)
released Aeronautical Design Standard 13C, covering general reguirements for materials
and processes involved in the design and construction ot Army aircraft. A copy of the
document is included with this paper. As noted in Figure 2 general requirements on
materials and materials processes relate to Chapter 6 of the Engineering Design Handbook,
Helicopter Engineering (Part Three-Qualification Assurance) while needs for engineering
data are referred to the appropriate Military Handbooks for Metals, Plastics, and
Structural Sandwich Composites. Most significantly, corrosion control is covered by a
full appendix to ADS-13C itself.

Figure 3 shows that Appendix I to ADS-13C establishes contractual requirements for a
Materiel Deterioration Prevention and Control (MADPAC) program for Army aviation weapon
systems. The broader requirement on the development command is Regulation 702-24 from
Headquarters U.S. Army Materiel Development and Readiness Command. A copy of this regula-
tion is also included with this paper.
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Project managers will now use ADS-13C in establishing contractual requirements for
design, development and production of specific aircraft systems, thereby passing along
the intent of minimizing life cycle cost due to corrosion. Figure 3 also shows that
dialogue is intended between the contractor and the development command with the command
having approval authority on a contractor's response to ADS-13C. A final important point
in the figure is that contractual requirements are not limited to the new aircraft but
are extended to cover spare parts and components.

With these two documents, responsibilities have been assigned to all principle
organizations, the intent of the materiel deterioration prevention program has been
established and specific guidelines on materials, processes, and practices have been
publicized.

What then is required of the contractor? Figure 4 lists three basic re-
quirements: the MADPAC Plan, a Finish Specification, and a System Technical Order for
maintenance. Key parts of each requirement are also noted. It is important to note that
both administrative and technical requirements are being detailed here for the contractor
and that specific provision is ma<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>